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Block 19 continued

reasons for test termination. Suspensions conducted in achest harness lasted an
average of 6.08 minutes; light-headedness and strap pressure at the axilla were
the most frequent symptoms which terminated a test. Body belt suspensions lasted
an average of 1.63 minutes; difficulty breathing along with strap pressure to
the abdominal area accounted for the most frequent symptoms prompting test ter-
mination.
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SECTION 1
INTRODUCTION

The adequacy of current fall protection harnesses and the occupant's
physiological response to suspension is - vital interest to occupational safety
since workers may be suspended in harnesses for a period of time awaiting
rescue. The Department of Defense r-quirement for high-altitude parachute-
descent missions may require the personnel to be suspended in a harness for 30
minutes or more (Allman et al. 1985). Unfortunately, the research that has been
done in the area of fall protection and prolonged human suspension is limited.
Therefore, there is a limited basis for equipment design decision or equipment
standardi zati on.

A. BACKGROUND

Dr. Maurice Amphoux (1982a, 1982b) studied five subjects between the
ages of 18 and 59 years during passive suspension. The harness configurations
evaluated were a torso harness, a parachute harness, a waist belt with shoulder
straps, and a thoracic belt. The subjects were suspended from lanyard
attachments. Subjects suspended in the harnesses that supported the whole torso
were able to tolerate prolonged suspension for longer durations compared to the
waist belt suspension system. The longest suspension time for the torso
harnesses was 43.25 minutes. The parachute harness was tolerated for a maximum
of 28.17 minutes. Two subjects who were suspended using the waist belt with
shoulder straps tolerated suspension for 1 minute and 3 minutes. Subjects
suspended using a thoracic belt tolerated suspension for approximately 1 minute.
Therefore, Dr. Amphoux concluded that suspension tolerance was affected by the
specific harness or restraint system and that maximum suspension tolerance
occurred with the torso harnesses. In addition, Dr. Amphoux did not leave any
doubt that ventral and thoracic belts were to be prohibited and that the
problems associated with prolonged suspension after the fall could be as acute
as those associated with the arrest of the fall. The medically adverse effects
that were encountered included lower extremity numbness, respiratory distress,
nausea, dizziness, a variety of dysrhythmias, and abdominal, shoulder, or groin
pain. The dysrhythmias inclu"ed tachycardia, bradycardia, and premature
ventricular contractions. HPever, these tests did not clearly define the
pathophysiological mechanism responsible for the adverse effects. Dr. Amphoux
suggested that the mecharism may have a respiratory, cardiac, and circulatory
basis.

In 1968 our Laboratory conducted tests in which five volunteer subjects were
suspended in a PCU-3/P integrated parachute and torso restraint harness for
approximately 30 minutes (9aumann, 1968). Four of the five subjects tolerated a
30-minute static suspension with only minor discomfort. The anatomical areas
which were in conitact with the harness leg straps were red and slightly painful.
Three of the subjects noticed marked discomfort of the lower legs and feet
associated with numbness during the exposures. This discomfort subsided
spontaneously with repositioning of the buttocks and leg straps. All the
symptoms of the subjects resolved within 24 hours. One subject lost
consciousness at 27.75 minutes after the start of the test. He was lowered,
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treated, and regained consciousness at 28.50 minutes He remained in a
semi-conscious staite for 3 to 5 minutes before becomli.: fully alert. His loss
of conscioujsness was attributed to venous pool ing caused by forward body
positioning and an inadequate pre-test diet.

In a personal commnunication with Dean Smith (10 January 1985), President of
Capitol Safety Associates, he described a human suspension test that they had
conducted to compare the body belt to the full-body harness. The volunteer was
suspended face down in a three-inch body belt. The maximum tolerable suspension
time was 60 seconds. However, when the volunteer was suspended in a body
harness similar to a USAF parachute harness, the subject was able to tolerate
suspension for 5 minutes. The experiment was discontinued after five minutes as
routine, and not because of any symptoms the subject had developed. The subject
'Indicated that he could have tolerated a much longer suspension.

In 1978 Geneva Spurr Limited Incorporated tested seven different
mountaineering harnesses with ten subjects (Nelson, 1972). These harnesses
varied from a bowline on a coil, which is just a rope around the waist, to a
troll body harness which incorporates straps around the waist, thighs, and upper
chest, and a RE! sit harness which consists of a seating pad with waist and
thigh straps. The average suspension durations recorded for these represented
harness types were 0.40 minutes, 7.50 minutes, and 17.35 minutes, respectively.
Some of the symptoms experienced during these tests included lower- and
,upper-body numbness, intense pain, respiratory distress, uncontrolled shaking,
loss of consciousness, a very weak pulse, and an almost universal narrowing of
pulse pressure. From their test data, which appeared in a mountaineering
magazine, the researchers concluded that vertical suspension can cause lcss of
consciousness without prior trauma or blood loss, and that an unconscious
climber who remains in the vertical position is in danger of brain damage and
eventual death within 4 to 6 minutes of fainting.

In 1985, Dr. Norbet Schauer and Christian Damisch of the University of
Sports Science in Innsbrook, in Association with the Austrian Mountain
Association conducted a study of mountaineering harnesses and their relative
safety (Damlsch, 1985). Their test program used 16 test subjects in 46
suspension tests involving a variety of harness types. The harnesses generally
consisted of thigh, waist, and lower-chest belts with a cross set of shoulder
straps having a ven-tral attachment point. Subjective responses, blood
pressures, and heart rate were monitored during the 10-minute motionless
suspension. Symptoms that were experienced included diaphoresis, pallor, a
decrease in measurable blood pressure, an increase in heart rate, dizziness,
intense strap pressures, and numbne.-ss in both arms and legs. Their conclusions
were that a motionless subject in a chest/seat strap harness combination is
subject to orthostasis with pooling of the blood in the lower extremities,
subsequent irreversible protracted shock, and mountain climber's "Rescue Death".
The phenomenon known as "Rescue Death" is believed to be a result of an acute
overload of the right ventricle resulting ir. right ventricular failure. This
overload is due to a sudden return of blood from the lower extremities, where it
had pooled, back to the heart. Another phenomenon noted during these tests was
that as the time of suspension increased, the subjects felt less and less strap
pressures. The researchers believed that the decrease in pain was probably due



to a cessation of conducted neural impul ses from the nerves in the superficial
skin areas due to overpressure. This idea, they claimed, is supported by the
pain and tingling sensations which occur after pressure on these areas is
released.

Dr. Bernard Hearon and James Brinkley conclided from their review of the
literature on fall arrest and post-fall suspension (1984) that the
pathophysiological mechanism involved in post-fall suspension had not yet been
defined experimentally. The mechanism that they suggested is that venous
pooling occurs in the lower extremities during motionless, prolonged suspension
which contributes to a decreased cardiac output and venous return to the heart.
The decreased cardiac output may explain the symptoms of light-headedness and
hypotension observed in previous experiments. Pathophysiological consequences
attnibuted to venous pooli~ng in the 1lower extremities i ncl ude decreased ri ght
atrial pressure, decreased venous return to the heart, and a decrease in the
cardiac stroke volume.

B. PROGRAM OBJECTIVES

The knowledge and data acquired from this study are intended to be used to
provide design and evaluation criteria for fall protection equipment and
airborne personnel delivery systems. The US Department of Labor, Occupational
Safety and Health Admiinistration (OSHA) is currently developing new regulations
governing the design of fall protection equipment. A draft regulation that has
been proposed by OSHA has been chaeolenged due to the inadequacy of existing
supporting evidence. The International Standards Organization is also reviewing
a draft standard for fall protection equipment; however, the US Delegation is
currently withholding approval since the provisions of the standard are
supported only by the limited research of French investigators. Therefore, OSHA
encouraged this Laboratory to conduct this research.

The primiary objective of this research effort was to evaluate the relative
capabili(ties of three types of fall protection harnesses to provide occupant
body support and restraint during post-fall suspension. The three
configurations evaluated were a body belt, a chest harness, and a full-body
harness. The second objective of this research effort was to assess the
hemodynamic and cardiovascular effects of prolonged, motionless suspension in
the various body hatrnesses and body belts.

This report describes 1) the experimental design; 2) the test equipment,
methods, and facilities; 3) the test results and analysis; and 4) provides a

disussonof the results.
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SECTION 2
TECHNICAL APPROACH

A. EXPERIVENrAL DESIGN

The null hypothesis evaluated in thi: test program was that there are no
statistically significant differences in the subjective and the physiological
responses recorded during suspensions of volunteers in three harness types.

For all the tests in this series subjects were instructed to remain
motionless during the suspension. No corrective movements or strap adjustments
were permitted once the subject was suspended. This was to simulate an
unconscious or injured state. The subjects were suspended until their
subjective tolerance was reached or until symptoms of hypotension or syncope
developed, which warranted a medical decision to terminate the test. Subjects
were, however, instructed to remain suspended for as long as possible in order
to better approximate a physiological limit.

Individual subjects and the order of their exposure to each of the harness
types were collectively randomized. However, due tc scheduling difficulties
complete randomization between subjects was not possible.

Twelve males and one female subject of the AAMRL Impact Acceleration Stress
Panel participated in this test program. The panel is composed of volunteer
active-duty Air Force members whose primary duties do not involve participation
as subjects. All subjects were qualified to participate only after successfully
comnpleting an intensive medical screening evaluation. This evaluation was
directed by the panel physician and consisted of medical history screening,
physIcal examination, visual acuity, audiometry, blood pressure, routine
laboratory examilnations (blood work and urioialysis), standard 12-lead
electrocardiogram (EKG), pulmonary function tests, electroencephalogram,
treadmill exercise stress test and x-rays, including chest, skull, and complete
spine films.

Informed consent was provided by all subjects on an ongoing basis during the
test program. Prior to each phase of testing, subjects received a thorough
briefing on the experimental procedures and potential medical risks. The
subjects signed a witnessed consent form attesting to the fact that a detailed
briefing was received as well as a sunmmary of the experiment. The medical
investigator continued to stress that any subject was free to withdraw at any
time for any reason.

Suspensior- tests were conducted in each harness using an Alderson Research
Laboratories, Ir'c. model VIP-95 anthropomorphic dummy prior to initiating tests
with volunteer subjects. The VIP-95 dummy is designed to represent a 95th
percentile (weight) adult male. As an additional safety precaution, a dummy
test was performed each day prior to testing with human subjects.

The controlled variables during these experiments were the harness type, the
test subjects, and to a lesser extent, harness fit, which was dependent upon
subject size and build.
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The observable variables which were measured during these experiments
included oa EKG, distal blood pressure, respiratory rate, and test durat 4ons.
EKG data were analyzed by microcomputer for the determination of heart rate and
dysrhthmias that might occur during a test.

Significant unobservable variables during these experiments included the
amount of lower body blood pooling and central blood pressure.

B. EVALUATION CRITERIA

The physiological measureinents obtained during these experiments included
the EKG, blood pressure, and rpspiration-rate time histories, and the relative
psychophysiological and subjecti ye-response time histories.

Test durations were recorded and the means and standard deviations
calculated for each harness type.

The Wilcoxon paired-replicate rank test was the statistical technique
selected to comoare the test durations of each harness type. A 90 percent
confidence level was defined as the level of significance for rejection of the
null hy-othesis, assuming a two-tailed test.
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SECTION 3
TEST EQUIPMENT, METHODOLOGY, AND FACILITIES

A. HARNESSES

Three types of fall protection harnesser wiere evaluated:

1. Body belt (Research and Trading Corporation, style no. 400). This
harness consists of a four-inch wide padded belt with a friction buckle. It is
worn around the waist and is adjustable. The belt has a D-r'ing for attachment
to a suspension lanyard (Figures 1, 2, 3).

2. Chest harness (DB Industries, Inc., model no. LS1203). This harness
consists of 1 3/4-inch wide waist and chest belts with shoulder straps
connecting these two belts to a suspension D-ring. The D-ring is locAted
between the shoulder blades of the occupant (Figures 4, 5, 6).

3. Full-body harness (Research and Trading Corporation, style no. 425).
This harness is similar to a parachute harness and is constructed of 1 3/4-inch
wide straps encircling the torso and the upper thighs. A strap, referred to as
a buttock sling, connects the two thigh straps posteriorly. A D-ring is used to
attached a fall-arrest lanyard and is usually located between the shoulder
blades of the occupant (Figures 7, 8, 9).

Only minor dif~ferences exist among the styles of body belts and chest
harnesses commercially produced. However, the differences among the styles of
full-body harnesees that are commercially available are more significant. These
styles differ in the strap configurations, occupant position upon suspension,
and load distribution. The particular full-body harness used in the test
program was chosen from several styles available from the manufacturer because
its thigh-strap configuration indicated a possibility for increased pressure in
the groin area which might shorten occupant suspension time. Each harness was
snugly fitted to the subject, but not to the point where the range of extremity
motion or torso movement was restricted. This ensured subject safety as well as
mobility.

B. LANYARD EXTENDER AND HOIST MECHANISM

A six-foot long nylon lanyard manufactured by DB Industries with a
non-locking snap hook at each end was used to suspend subjects. One snap hook
was attached to the D-ring of the harness and the other connected to a steel
cable of a hoist. A hoist was used to raise and lower the test subject.

C. TEST AREA

Prior to each test, the test area was secured and isolated from the rest of
the test bay by draped partitions and rope barriers. An 8 foot by 10 foot
safety mat was placed on the section of floor over which the subject would be
suspended.
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